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Methods
This population-based survey was conducted in [2004] [2005] and covered individuals aged between 5 and 19 years. A stratified multistage cluster sampling technique with probability proportional to size was used to select 1937 individuals aged between 5 and 19 years living in the Federal capital and in the State capitals of 12 states in the study regions. The sample was stratified according to age (5-9 and 10-to 19-years-old) and capital within each region. Individual-and household-level data were collected by interview at the home of the individual. Variables related to the area were retrieved from census tract data. The outcome was total antibodies to hepatitis A virus detected using commercial EIA. The age distribution of the susceptible population was estimated using a simple catalytic model. The associations between HAV infection and independent variables were assessed using the odds ratio and corrected for the random design effect and sampling weight. Multilevel analysis was performed by GLLAMM using Stata 9.2.
Results
The prevalence of hepatitis A infection in the 5-9 and 10-19 agegroup was 41.5 and 57.4%, respectively for the Northeast, 32.3 and 56.0%, respectively for the Midwest and 33.8 and 65.1% for the Federal District. A trend for the prevalence of HAV infection to increase according to age was detected in all sites. By the age of 5, 31.5% of the children had already been infected with HAV in the Northeast region compared with 20.0% in the other sites. By the age of 19 years, seropositivity was 70% in all areas. The curves of susceptible populations differed from one area to another. Multilevel modeling showed that variables relating to different levels of education were associated with HAV infection in all sites.
Introduction
Hepatitis A infection is found all over the world, and high prevalence is associated with poor socioeconomic conditions and diverse epidemiological patterns. 1, 2 In the past decade, hepatitis A seroprevalence has declined due to improved sanitation. In highly endemic areas, young children are the most frequently affected population and, in developed countries, the majority of symptomatic cases occur among adolescents and adults, travelers, men who have sex with men and injecting drug users. 3, 4 After exposure to HAV, individuals develop antibodies for all strains that remain with them throughout their lives. Highly effective anti-hepatitis A vaccines have been licensed since the mid-90s in the United States and it has been recommended for all children aged between 12 and 23 months. 4, 5 In low endemic countries and in specific outbreaks, the World Health Organization (WHO) recommends vaccination according to the epidemiology of hepatitis A in the respective region. In highly endemic areas, HAV vaccination is not recommended 1 and in areas with intermediate endemicity, use of the vaccine depends on epidemiological situation, target groups and cost-benefit analysis. 4, 5 Brazil has been considered a country with high endemicity for HAV according to a review of seroprevalence studies , conducted mainly among restricted populations of Southeast region. Higher prevalences were detected in the North and Northeast regions compared with the South and Southeast. 6 Comparison of HAV seroprevalence in six Latin-American countries (México, Chile, Venezuela, Brazil, Argentina and Dominican Republic) has suggested a changing epidemiological pattern, shifting from high to intermediate endemicity for HAV. 7 In general, surveillance data on HAV incidence are limited because of underreporting and lack of laboratory confirmation and case investigation. 8 In this respect, the Brazilian surveillance system is no exception. The HAV vaccine is not universally recommended for the National Immunization Program and only a small proportion of the population has access to it. Poor sanitation, lack of water supply, low family income and daycare attendance are known risk factors for hepatitis A infection and viral transmission. A multilevel approach, taking into account both individual-and household-level, in addition to socioeconomic census tract variables, is particularly effective in distinguishing vulnerable groups and environmental risk factors of several infections in urban areas. 9, 10 A national population-based survey was launched by the Brazilian Ministry of Health and Research Institutes of the University of Pernambuco to estimate the HAV infection in urban areas, with the view to evaluating the epidemiological settings where vaccination should be considered as a preventive measure. The main goal of this research was to estimate HAV prevalence using a population-based study of the capitals of states in the Northeast and Midwest regions and in the Federal District of
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Brazil. The study also identifies predictive factors for hepatitis A infection among children and adolescents, using a multilevel approach. . The total population of these capital cities for the 5-9 and 10-19 year age groups were 943 033 and 2 054 539, respectively. 11 The Midwest region comprises three states: Goias (Goiania), Mato Grosso do Sul (Campo Grande) and Mato Grosso (Cuiaba). The population for the same age groups in the Midwest region was 397 740 and 866 536 inhabitants, respectively. 11 The Federal District (Brasilia city) is located in the Midwest region and the populations for the above-mentioned age groups were 182 537 and 387 831, respectively.
Subjects and methods

Study design and sites
Subjects and assessment of variables
The criteria for inclusion were that subject be aged between 5 and 9 and 10 and 19 years and resident in one of the capitals cities. 11 All participants or guardians (in the case of children under 13 years) were interviewed by trained health personnel using a structured questionnaire. Individual-and householdlevel data were collected during household visits. The following area-level variables were retrieved from a subset of IBGE census data: level of education of head of household (average years of schooling), literacy of head of household (%), household headed by a woman (%), head of the household being a woman and illiterate (%), individuals in the households who are both literate and aged 15-19 years (%), water supply coverage (%) and solid waste collection coverage (%). 3 Outcome variable and laboratory test During the household visit, blood samples were collected, transported and stored according to standard procedures. Total antibodies to hepatitis A virus were detected using commercial enzyme immunoassay kit (HAVAB EIA; Abbott laboratories, Abbot Park IL) in central public health laboratories. Laboratory tests were validated and quality control was monitored. Seropositive results were taken to indicate current or past HAV infection (ever infected). Borderline results (0.15%) and the inadequate samples were excluded from the analysis.
Sampling strategy
The study sample was selected using stratified multistage cluster sampling based on IBGE census data for the year 2000. The census tract is the smallest geographic unit available for which socioeconomic data on residents with similar economic characteristics are available and comprises approximately 300 households (approx. equal to 1000 inhabitants). 11, 12 The study population was stratified into two agegroups (5 to 9-and 10 to 19-years-old) as well as by State capital. The sample was obtained in three stages. To make the census tracts more homogeneous with respect to the population, primary sampling units (PSU) were created. An ordered list of PSUs was then drawn up, taking into account the number of years of schooling of the head of the household and a systematic sample was taken with probability proportional to size. In the second stage, block units were selected also with probability proportional to size. The third stage involved systematic sampling of households within each block using a list of residential addresses. 11 All current residents of the selected households within the 5-19 years age bracket were included in the hepatitis A study. Census tract maps were provided to guide the field workers.
Sample size
The sample size was calculated on the basis of an expected prevalence of HAV-infection of 30% and a < 0.05. The variance was estimated at 20% of the prevalence value for the Northeast and Midwest regions and 30% for the Federal District. Within each region and age stratum, the sample was proportionate with respect to the different capital cities.
Data analysis
The overall prevalence of seropositivity and 95% CI were calculated for each study site (the Northeast, the Midwest and the Federal District) by age-group corrected for the design effect. 13 The age-specific distribution of the population susceptible to HAV infection was estimated using a simple catalytic model to estimate the force of infection.
The association between HAV infection and independent variables was assessed using the Odds ratio (OR), a 95% CI and a P-value. The OR was corrected by random design effect due to the study design. Weighting was also applied because different sampling fractions were adopted for the two age groups. First, univariate analysis was performed separately for each age group. As the risk factors identified were similar in the two populations, they were combined to increase the statistical power of the study. Weighting was used in order to correct the difference in sampling fraction between age groups.
Individual-, household-and area-level variables that were associated to the outcome in univariate analysis (P < 0.10) were successively included in a multilevel model. Generalized Linear and Latent Mixed Models (GLLAMM) were used to perform the multilevel analysis using Stata 9.2. 14 
Ethical issues
Written consent was obtained from all participants and, in the case of minors, from their legal guardian. The project was submitted to the National Research Ethics Committee (CONEP) of the Brazilian National Health Council and to local research ethics committees in each site.
Results
Overall, 1937 individuals aged 5-19 years were tested for total HAV antibodies and 923 tested positive (47.7%). The prevalence of anti-HAV in the 5-9 years age group was: 41.4% (95% CI 34. 4 It is also interesting to note that approximately one-third of the families identified a woman as the head of the household in the three sites studied.
There was an upward trend of HAV infection according to age in all sites. By the age of 5, 31.5% of the children had already been infected with HAV in the Northeast region, while, in the other two sites, around 20.0% of children of this age were infected. However, by the age of 19 years, the prevalence of seropositivity was 70% in all sites. Figure 1 shows the distribution of the susceptible population according to age using a simple catalytic model. The Midwest and Federal District show parallel curves showing similar slopes with an incidence of 7.4% per 100 person/year in the Midwest and 8.0% per 100/year in the Federal District. In the Northeast region, the prevalence of current or past infection was higher in younger age groups with 50% of individuals infected by the age of 10 and an estimated incidence of 5.3 per person/year. Similar frequencies for HAV antibodies were detected in males and females in all study sites. On univariate analysis, an individual's level of education was shown to be a predictor of HAV infection in all settings (Table 2) . Table 3 shows that-at householdlevel-the head of household, schooling and income were negatively associated with the infection of children and adolescents with HAV. These householdbased variables were consistently related to infection in all sites. Also, an inverse association was found between HAV infection and the variables related to environmental conditions (water supply, garbage collection) and education (years of schooling or illiteracy) of the head of the family ( Table 4 ).
The multilevel model showed that individual, household-and area-level variables are independently associated with HAV infection. Age is an important predictor of outcome. Additionally, education variables that were collected through household-level interviews or retrieved from IBGE census tract data were associated with HAV infection in all sites (Table 5 ).
Discussion
The evidence that 40% of children and adolescents tested positive for HAV total antibodies allows the Northeast and Midwest regions and Federal District to be classified as areas with intermediate endemicity. 
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Most previous studies of HAV infection in Brazil were conducted using selected groups or restricted areas, and have shown wide variations in prevalence according to the age and socioeconomic characteristics. 2, 6, 7, [15] [16] [17] Data from the Brazilian national surveillance system reported 25 275 cases of hepatitis A in 2005 18 yielding an incidence rate of 13.7 cases per 100 000 inhabitants. Considering the underreporting of the acute hepatitis A cases, the Pan American Health Organization has estimated an incidence of 130 cases per 100 000 inhabitants. 18 Our data from an unbiased sample of the base population, therefore, provides better estimates of current or past HAV exposure.
The endemicity of hepatitis A is considered to be low in developed countries such as the United States, Canada and Western Europe, where relatively few children are infected. 5, 8 The prevalence of hepatitis A antibody in the general US population was 31.3%, ranging from 9.4% among individuals aged 6-11 years to 74.6% among those 570 years, as reported by the Third National Health and Nutrition Examination Survey (1988) (1989) (1990) (1991) (1992) (1993) (1994) . 19 In our study, the age-distribution showed that HAV infection increased with age in all sites, as is to be expected for infectious diseases that are dependent on environmental exposures. 2, 7, 13 However, there was a distinct age-specific trend for the two macro-regions. In the Northeast region, a higher prevalence of seropositivity was detected at 5 years of age compared to the other settings, which is consistent with this region's lower indicators of socio-economic conditions (as identified in this study and by census tract data). The likely explanation is that higher incidence of HAV infection occurs in the first years of life (0-4 years), which leads to a higher prevalence by the age of 5. However, by the age of 19 years, similar frequencies for susceptible populations (30%) were detected in all sites. The slope increased less steeply in the Northeast as indicated by the lower force of infection (5.1 per 100 person/year) in the group aged 5-19 years. The curves for age-specific HAV susceptible populations in the Midwest region and Federal District were similar. These results seem consistent with those from the Federal District which is a city located within the Midwest region and these two settings have similar socioeconomic conditions.
It is well known in the hepatitis A epidemiology that there is an inverse relationship between socioeconomic conditions and HAV seropositivity, particularly in less developed countries. 2, 3, 7, 17, 20 Univariate analysis at household-level carried out by our study indicated that schooling and income of the head of the household were predictors in all settings. At area level, the education of the head of the household, the head of the household being a woman, water and solid waste collection were also found to be common risk factors for hepatitis A infection. However, multilevel analysis produced different epidemiological profiles. Age remained an associated individual-based risk factor in all three sites investigated, but individual schooling was associated with HAV infection only in the most developed site (the Federal District). At the household-level, income and schooling of the head of the family were independently associated with the area with the lowest level of socioeconomic indicators, the Northeast. At area level, schooling of the head of household was a predictor of infection in all three areas. Lack of solid waste disposal was associated with the outcome for Midwest region and Federal District, while water supply coverage was a predictor of hepatitis A infection only in the Federal District. Paradoxically, only education (household-and arealevel) and income (household-level) remained as predictors in the Northeast region. In the other settings with higher socioeconomic conditions, arealevel variables related to sanitation seem to predict infection. We are aware that this study has some limitations. The exclusion of children below 5 years of age meant that it was not possible to quantify the force of infection in the first years of life. This exclusion criterion was justifiable for operational reasons and by the need to minimize refusal to participate in the study. Rural and less-populated areas were not included, since the study was designed to determine the overall HAV prevalence rates in the State capitals. Therefore, the reported figures are representative of HAV infection among children and adolescents in highly urbanized areas only. However, the average prevalence for each setting may mask clusters of populations with high and low susceptibility in some parts of the cities. Additionally, the biological marker (total anti-HAV) applied does not make it possible to differentiate between current/previous exposure (ever exposed) and vaccinated individuals. However, few individuals included in our study had been vaccinated.
The current evidence that an important proportion of the population of young people is susceptible to HAV infection has a number of public health implications. These susceptible individuals will be at risk of acquiring hepatitis A later in life, leading to a more severe disease. Several strategies have been employed to delivery hepatitis A vaccination in intermediate endemicity areas such as those covered by our study. These have ranged from vaccination during or after outbreaks, targeting specific settings of the population, restricted, extensive or universal vaccination. 21 In Brazil, the current HAV vaccine recommendation is to restrict it to high-risk groups such as those with chronic liver disease, including HBV and HCV; HIV-positive children under 13 years, liver transplant patients and so forth. Our study, therefore, was conducted in the pre-vaccination era and few individuals included had a history of previous vaccination.
A reduction in adult morbidity and the burden of disease has been reported as one of the advantages of universal vaccination in low and intermediate endemic areas. 3 Analysis of cost-effectiveness is essential for evaluating the feasibility of this public health policy. 22 The results of our multilevel analysis showed that social deprivation, measured using a proxy marker shapes the risk of acquiring HAV infection. There is, therefore, still room for improvement with regard to sustainable measures such as sanitation and socioeconomic conditions related to poverty. To date, this is the first HAV population-based survey using a representative sample of children and adolescents in two large Brazilian areas. The differences observed between regions provide a comprehensive picture of individual-, household-and area-based risk factors associated to HAV transmission. Such predictors furnish important information for drawing up public health recommendations. This approach provides a useful tool for measuring inequalities and highlighting risk-related contextual factors over and beyond the effect of individual risk factors.
